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Dear Hersch,

This letter constiturtes I he annual report of work carried ouit mider ONRI Grant No.NO 1---

0116 ( H&T- No. 41 2,1112-08) at thle U niversity v )f New Mexico duiring the( period 1992 Decemtber I to 199:3

November 30.

During the reporting period five peophe were direct lv aissociated with Iivm research group at U N.MI

Huidiger Sc/iack continued as a postdoctoral fellow, siupported 1w a Getrmtani fellowshlip until 1,993 November I
when lie b~ecanme the Center for Advanced Stutdies lPoshdoctoral Fellow at I*N.NI: S~chack works miainly. but;

not exclusively, on topics not directly related to this grant. Shantg Song, I*S(' graduate student, . onit inued

work toward a Ph.D. in Physics, working ott topics dfirectly related to t his grantt. Chris F'uchs arnd llownrd

Barnutm, UNM graduate students, joined my researcht group.

8 ~~In addition to thle above personnel, several visitors were broughit to N NI tunder lie auspices of tIto

S( 'enter for Advanced Studies: (i) Ian Percival of Queen Mary aind NWestfheld C'ollege visitedl for two weeks

ill 199:3 .June, lecturintg abotut, the quantnut trajectories approaclt now being Ittuclt Itsenl itn '11iatituutil optics:
(ii) Gerard MIilburn of thle Unuiversity of Queetisland visited for aI brief periodli .111tine also lee; turi hg about

qulanturn trajectories: (iii) Gershon lKurizkI of the Weizinann Inst itutie visitedl for two and a Ial f tmonthtIs

be~ginning in mid-Augtist.. tnt~eractinug with it i grouip ot iVrtouts topics ittqtat (priiu .)ptlics: (iv) S~kitoi'l
ri Brau nsteiri of Techinion visit ed for two mont Its 1heg111Itniug i n mnid-A ugust. worki1ng d irectly v wit Ii it( ie tn toJiCs

1 . supportedl by this grant; and (v) .James lHart le of the 1. niversityv of California at Smitta Barbara is spend iti ,

So thle fall 1993 semester in northIern New Mexico. splittIinug Illis tittme art otig Los A atuos Nat iowti Ilahdorar orv.
S t the Santa Fe Institute, and thte Center for Advanced Sttudies.

*1 Research during thle. reporting periodl wais conicenttrated in the followintg areas:

*Cazves and P. D. Drummond of t heI( Universityv of Quteenslarid finishted ati extenisive' revision of t heir lotuu.
paper on quantuitn limits to cominun .ication rates atid re-submit I (1 'it t o Reviews of .No~ern ')h ' vsics. where
it Itas been accepted and is scheduled for pttldicit ion Ii ttle 1 991 April Issue. This Ipalor shtotuld b'-ortte

Ite standard reference for untderst and ing htow to a pply p~hysica;l conicept s to aissessitg- thore lrfortinatce 4
conmmunicat ion channels.
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* Song and Caves finished their work on quantum limitations on phase measurements made by high-
precision interferometry. Their analysis now includes a realistic model of losses in the optical elements,
quantum feedback to maintain the interferometer at its operating point, and the use of both squeezed light
and light recycling. The research has led to several surprising conclusions about the robust ness of squeezed
light in Fabry-Perot interferometers and to a unified understanding of recycling configurations. This work
constitutes Song's USC Ph.D. thesis, which is now nearly finished.

* Braunstcin, Milburn, and Caves generalized their work on the geometry of quantum states and its rela-
tion to high-precision measurements. This work places absolute limits on how well quantum measurements
can determine a c-number parameter and establishes new uncertainty principles for a parameter and its con-
jugate operator. During Braunstein's visit, previous work was generalized from pure states to mixed states,
thus establishing a natural geometry on density operators and giving new. tigher uncertainty principles for
mixed states. Braunstein has drafted a short initial paper, by him and Caves. and is working on a longier
paper by all three contributors. Fuchs has begun applying these ideas to improve the llolevo bound oii
quantum communications.

During the reporting period Caves was an invited speaker at the Annual Meeting oft he Optical Society
America, held in Toronto during 1993 October 41 X.

Sincerely,

3C

Carlton M. Caves

CM C/TEX

Publications published

1. A. S. Lane. S. L. Braunstein. and C. Ca. (avs. "Maximuni -likelilhood Slat istis of 11ulht p)e (llail;11111
phase measurements." lPhysical Review A 47, 1667 1696 ( 1993).

Publications suIb)iitted

2. C. M. Caves and P. D. Druinmond, "Quanlt ju li ilits on bosonic commuiicrlion rates," Iih,views ol
Modern Physics, to be published.
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